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Description 

Fluid-Dynamic-Pressure Bearing, 
Spindle Motor Furnished with the 
Fluid-Dynamic-Pressure Bearing, 
Method of Manufacturing Rotor 
Assembly Applied in the Spindle Motor, 
and Recording-Disk Drive Furnished 
with the Spindle Motor 

Background of Invention 
Technical Field 

[0001] The present invention relates to fluid-dynamic-pressure 
bearings and spindle motors furnished with the fluid- 
dynamic-pressure bearings, to methods of manufacturing 
rotor assemblies applied in the spindle motors, and to 

recording-disk drives furnished with the spindle motors. 
Background Art 



[0002] a s bearings for motors that drive recording disks in hard 
disk drives, removable disk drives and similar devices, to 
date fluid-dynamic-pressure bearings have been em- 
ployed and a variety have been proposed. Fluid-dy- 
namic-pressure bearings exploit dynamic pressure gener- 
ated, when the motor spins, in a lubricating fluid such as 
oil retained in a gap in between, as for example shown in 
Fig. 6, a shaft 102 and a sleeve 104. 

[0003] | n a conventional motor such as is depicted in Fig. 6, a 
pair of radial bearing sections 106 provided at an axial 
separation is formed in the gap in between the cylindrical 
outer surface of the shaft 102 and the cylindrical inner 
surface of the sleeve 104, and top and bottom thrust 
bearing sections 112 and 113 are formed in respective 
gaps between upper and lower faces of the rim of a thrust 
plate 108 fixed unitarily onto the shaft 102 and, opposing 
these faces, a lower surface of the sleeve 104 and an up- 
per surface of a counterplate 110. 

[0004] a further feature involving the cylindrical inner surface of 
the sleeve 104 and the cylindrical outer surface of the 
shaft 102 in this conventional motor is a capillary seal 118 
formed in the interval between the radial bearing sections 
106 and the snugged-fit section 116 between the shaft 



102 and a rotor hub 114 fixed to the upper portion of the 
shaft 102. The cylindrical outer surface of the shaft 102 is 
constricted gradually, parting away from the radial bear- 
ings 106 as a pair, to form the capillary seal 118. De- 
pending on the position where the gas-fluid interface 
forms in the oil retained within the capillary seal 118, a 
differential in capillary force will be produced in the capil- 
lary seal 118; and if the amount of oil that is retained by 
the radial bearing sections 106 and the top and bottom 
thrust bearing sections 112, 113 has decreased, oil is 
supplied from the capillary seal 118 to the radial bearing 
sections 106 and the top and bottom thrust bearing sec- 
tions 112, 113. Likewise, if the volume of oil retained 
within the radial bearing sections 106 and the top and 
bottom thrust bearing sections 112, 113 has increased 
due to spindle-motor temperature elevation accompany- 
ing motor rotation, then that increase is accommodated. 
[0005] | n this way oil is continuously, without interruption re- 
tained in the micro-gap that forms the radial bearing sec- 
tions 106, the top and bottom thrust bearing sections 112 
and 113, and the capillary seal 118. (Such an oil-retention 
structure will be denoted a "full-fill structure" hereinafter.) 
When the motor spins, in the radial bearing sections 106 



and the top and bottom thrust bearing sections 112, 113 
dynamic pressure is generated, through which the sleeve 
104 supports the shaft 102 and the rotor hub 114 in a 
non-contact bearing that lets them spin. 

[0006] | n recent years recording-disk drives that had been em- 
ployed in personal computers and like devices have begun 
to be applied in information terminals further scaled- 
down for carrying along on the go, which has led to the 
desire for the spindle motors to be further downsized, 
slimmer profile, and lower power consuming, in addition 
to the high-speed and high-precision rotation tradition- 
ally expected from the spindle motors. 

[0007] Nevertheless, if the spindle motor is to be made smaller- 
sized and vertically slimmer, the fact that the construction 
described above configures the snugged-fit section 116, 
the capillary seal 118, and the pair of radial bearing sec- 
tions 106 and the top and bottom thrust bearing sections 
112, 113 ranged in a line axially is prohibitive of scaling 
down and slimming down the spindle motor. 

[0008] p u t differently, against demands for miniaturized, slimmer 
spindle motors, maintaining the axial span necessary be- 
tween the pair of radial bearing sections 106 to ensure 
sufficient bearing stiffness would stand in the way of 



maintaining the axial dimension that the snugged-fit sec- 
tion 116 and the top and bottom thrust bearing sections 
112, 113 require. Shortening the axial dimension of the 
snugged-fit section 116 would weaken the clamping 
strength between the shaft 102 and the rotor hub 114, 
which would lead to the rotor hub 114 losing levelness 
when the motor is spinning, with the rotor hub 114 wob- 
bling such that stabilized rotation could never be gained. 

[0009] on the other hand, attempting to maintain the axial di- 
mension that the snugged-fit section 116 requires would 
shorten the axial dimension of the pair of radial bearing 
sections 106, which would weaken the radial bearing 
stiffness such that the bearings could not stably support 
the shaft 102. The fact that maintaining the rotational 
precision and the attitude of the shaft 102 and rotor hub 
114 depends exclusively on the pair of radial bearing sec- 
tions 106 requires that sufficient axial span between the 
pair of radial bearing sections 106 be available. Conse- 
quently, scaling down and reducing the profile of a spin- 
dle motor as described earlier while sustaining the rota- 
tional precision called for in the motor proves to be ex- 
traordinarily challenging. 

[0010] what is more, attempting to maintain the axial dimension 



that the pair of radial bearing sections 106 as well as the 
snugged-fit section 116 require is prohibitive of ensuring 
requisite bearing stiffness in the top and bottom thrust 
bearing sections 112, 113. In the conventional motor un- 
der discussion, the thrust plate 108 is fixed unitarily to 
the end portion of the shaft 102, wherein the axially di- 
rected load-bearing force generated by the top and bot- 
tom thrust bearing sections 112, 113 formed on the up- 
per and lower faces of the rim of the thrust plate 108 
governs the axial travel of the shaft 102 and rotor hub 
114, stabilizing the lift on the shaft 102 and rotor hub 
114. 

[0011] Given the circumstances, then, making the axial dimen- 
sion of the thrust plate 108 thinner in an attempt to trim 
the axial extent of the top and bottom thrust bearing sec- 
tions 112, 113 would preclude attaining stabilized, axially 
directed load-bearing force in the thrust bearing sections 
112, 113, compromising the bearing stiffness in those 
bearing sections. Such problems as over-lift on the shaft 
102 and rotor hub 114 would occur as a consequence, 
which would be prohibitive of stably supporting the shaft 
102 and rotor hub 114. 

[0012] Another application of recording-disk drives that has be- 



gun of late is the installation of the drives in vehicle on- 
board devices, typified by car navigation systems. Yet in 
implementations in vehicle on-board devices, since the 
recording-disk drives are expected to perform under vari- 
ous environments, stable operation within an extremely 
broad temperature range is being demanded of the 
recording-disk drives. Use under severe temperature en- 
vironments that recording-disk drives have not met with 
until now— for example, use under environments where 
changes in temperature that range across 100°C or more 
are a possibility— is being called for. 
[0013] The fact that, as is well known, the viscosity of oil drops 
under high-temperature environments means that the dy- 
namic pressure generated by oil-filled dynamic-pressure 
bearings in such environments also falls, which conse- 
quently is prohibitive of attaining predetermined bearing 
stiffness. Employing a highly viscous oil in order to avert 
such degradation in oil viscosity means that the oil will be 
excessively viscous under low-temperature environments, 
increasing the rotational load on the motor, such that ulti- 
mately the amount of power that the motor consumes will 
grow. Consequently, in order to make broad-tem- 
perature-ranging application of a motor using a fluid- 



dynamic-pressure bearing possible, problems that run 
counter to each other— under low-temperature environ- 
ments restraining increase in power consumption by the 
motor, while under high-temperature environments pre- 
venting degradation in bearing stiffness— must be re- 
solved at once. Moreover, under high-temperature envi- 
ronments, along with the oil viscosity becoming less vis- 
cous, the volume of the oil increases due to thermal ex- 
pansion. As a consequence, of the oil retained in the 
fluid-dynamic-pressure bearing sections, that portion by 
which the oil has volumetrically increased is forced out 
from the bearing sections into the capillary seal 118. Un- 
der those circumstances, if owing to the dimensional con- 
straints of miniaturizing and slimming down the motor, 
the axial dimension of the capillary seal 118 is limited 
such that sufficient capacity for the seal cannot be se- 
cured, there would be occasions when oil flowing into the 
capillary seal 118 is not taken up completely, such that 
the oil would flow out to the exterior of the capillary seal 
118. If escaped oil adheres to the hard disks in the disk- 
drive area, or to the magnetic heads arranged in close 
proximity to the disks, the oil will become a cause that 
gives rise to read/write errors. 



[0014] Against this backdrop, attempting to secure sufficient ax- 
ial extent for the capillary seal 118 to retain that portion 
by which the oil has volumetrically increased as just de- 
scribed would constrain the axial dimension of the pair of 
radial bearing sections 106 ranged axially in line with the 
capillary seal 118, which would prove prohibitive of en- 
suring requisite bearing stiffness in the radial bearing 
sections 106. Moreover, securing the axial extent that the 
snugged-fit section 116 between the shaft 102 and rotor 
hub 114, which is likewise ranged axially in line with the 
capillary seal 118, requires would also prove to be prob- 
lematic. 

[0015] a further consideration in designing miniature, slim spin- 
dle motors is that thus scaling the motors entails as a 
matter of course that the various parts constituting the 
motor are also miniaturized and reduced-profile. This 
means that the mechanical strength of the various parts is 
that much the weaker, and thus the influence that manu- 
facturing stresses, occurring in processes such as pres- 
sure-fitting or bonding the parts together, have on the 
surface precision of and distortion in the parts proves to 
be considerable. 

[0016] For example, when a rotor magnet 120 is to be adhesively 



fastened to the rotor hub 114, because the rotor magnet 
120 is not a very high-strength component, as a means 
for fixing the two, the rotor magnet 120 cannot be snug- 
fitted into the inner bore of the rotor hub 114 by making 
the outer diametrical dimension of the rotor magnet 120 
somewhat larger than the inner diametrical dimension of 
the rotor hub 114 and then wedging the rotor magnet 120 
into the rotor hub 114. 
[0017] | t j S consequently the general rule that this so-called 

outer-rotor type of spindle motor, in which the cylindrical 
outer surface of the rotor magnets 120 is adhesively fas- 
tened to the cylindrical inner surface of the rotor hub 114, 
is designed so that the separation between the inner di- 
ameter of the cylindrical inner surface of the rotor hub 
1 14 and the outer diameter of the cylindrical outer surface 
of the rotor magnets 120 forms a clearance of several nm. 
But precisely because the clearance formed is only a few 
□ m, it is difficult to get the amount of adhesive that is ap- 
plied to be uniform over the entire circumference of the 
joint. For this reason, if the rotor hub 1 14 is of short axial 
and/or radial dimension, stresses produced by hardening 
and contracting of the adhesive become non-uniform 
along the circumference, which creates distortion in the 



joined components. Such distortion is prohibitive of 

mounting the recording disk(s) on the rotor hub 114 so 

that the recording face is virtually orthogonal with respect 

to the center axis of the spindle motor, such that RRO 

(repeatable runout) worsens. 
Summary of Invention 

[0018] An object of the present invention is in a spindle motor 
furnished with a fluid-dynamic-pressure bearing to as- 
sure requisite bearing stiffness in the radial and thrust 
bearing sections, precision in the right-angularity be- 
tween the shaft and the rotor hub, and sufficient axial ex- 
tent for the capillary seal area, and at the same time to re- 
alize overall miniaturization and reduction in the eleva- 
tional dimension of the motor. 

[0019] a further object of the present invention is in the manu- 
facturing process of assembling a miniaturized and flat- 
tened spindle motor, to eliminate stress deformation of 
the rotor hub and thereby improve the reliability of the 
motor. 

[0020] | n order to resolve the problems noted earlier, a fluid- 
dynamic-pressure bearing in one example of the present 
invention comprises: a shaft; a top plate fixed to the up- 
per portion of the shaft; a thrust plate fixed to the bottom 



portion of the shaft; a sleeve, either the sleeve or the shaft 
being rotatable relative to the other; a bearing housing 
that on its cylindrical inner surface retains the sleeve and 
whose lower end is closed off. A continuous micro-gap is 
formed in between the shaft and the sleeve and the top 
plate and the sleeve, and the micro-gap is filled with a lu- 
bricating fluid. 

[0021] a radial bearing section provided with dynamic-pres- 
sure-generating grooves that induce dynamic pressure in 
the lubricating fluid when either the shaft or the sleeve 
spins is formed in between the cylindrical outer surface of 
the shaft and the cylindrical inner surface of the sleeve. 
An upper thrust bearing section provided with dynamic- 
pressure-generating grooves that induce dynamic pres- 
sure in the lubricating fluid when either the shaft or the 
sleeve spins is formed in between the undersurface of the 
top plate and the top-edge surface of the bearing hous- 
ing. A lower thrust bearing section provided with dy- 
namic-pressure-generating grooves that induce dynamic 
pressure in the lubricating fluid when either the shaft or 
the sleeve spins is formed in between the bottom-edge 
surface of the sleeve and the top of the brim of the thrust 
plate. 



[0022] | n this fluid-dynamic-pressure bearing in one example of 
the present invention, the conventional thrust bearing 
section formed in between the bottom of the brim of the 
thrust plate and the top side of the counterplate has been 
eliminated. Then a thrust bearing section is novelly 
formed in between the top-edge surface of the bearing 
housing and the undersurface of the top plate. This 
means that the axial extent of the thrust plate may be just 
that dimension sufficient to produce the requisite bearing 
stiffness for forming the lower thrust bearing section. Ac- 
cordingly, the axial dimension of the thrust plate can be 
made thinner by comparison to what has conventionally 
been the case; moreover, the axial dimension of the coun- 
terplate can also be made thinner. This enables a spindle 
motor furnished with a fluid-dynamic-pressure bearing to 
be miniaturized and flattened. 

[0023] From the following detailed description in conjunction 

with the accompanying drawings, the foregoing and other 
objects, features, aspects and advantages of the present 
invention will become readily apparent to those skilled in 
the art. 

Brief Description of Drawings 
[0024] pig. 1 is a vertical sectional view illustrating an embodi- 



ment of the present invention; 

[0025] pig. 2 is magnified sectional view of a key region involving 
the Fig. 1 embodiment of the present invention; 

[0026] pig. 3A is a view sectioned through the shaft to illustrate 
the top-edge surfaces of a sleeve and a bearing housing 
of the present invention, and Fig. 3B is vertical sectional 
view of the sleeve and bearing housing; 

[0027] Fig. 4 is a sectional view illustrating a welding operation in 
the Fig. lembodiment of the present invention; 

[0028] Fig. 5 is a vertical sectional view illustrating a recording- 
disk drive in the present invention; and 

[0029] Fig. 6 is a vertical sectional view illustrating a conventional 

spindle motor. 
Detailed Description 

[0030] Below, a fluid-dynamic-pressure bearing involving the 
present invention, a spindle motor furnished with the 
fluid-dynamic-pressure bearing, and a recording-disk 
drive furnished with the spindle motor will be explained 
with reference to Figs. 1 through 5. It should be under- 
stood that in the embodiments illustrating the present in- 
vention, for the sake of convenience the upward and 
downward orientations in the drawings are rendered "up- 
per/lower," "top/bottom," "along the vertical," etc., but 



that is not intended to limit the orientation of the bearing, 
motor, and disk drive of the invention in an actually in- 
stalled situation. 

[0031] a spindle motor involving the present embodiment is ba- 
sically composed of, as depicted in Fig. 1: a bracket 2; a 
bearing housing 10 fixed into the bracket 2; a sleeve 12 
fixed to the cylindrical inner periphery of the bearing 
housing 10; and a rotor 6 rotatively supported by means 
of the sleeve 12. 

[0032] An annular boss 2a encompassing a center hole in which 
the bearing housing 10 is snug-fitted to anchor it, is pro- 
vided in the central portion of the bracket 2, wherein a 
round cylinder portion 2b, onto which a stator 8 is fixed 
by pressure-fitting and/or adhesive attachment, is formed 
along the outer rim of the boss 2a. The bearing housing 
10 is fixed along the inner circumference of the boss 2a 
by pressure-fitting and/or adhesive attachment. 

[0033] The hollow cylindrical bearing housing 10 is furnished 
with a planar counterplate 14 that closes off the axially 
lower side of the bearing housing 10. The bearing hous- 
ing 10 is wrought from a constituent whose thermal ex- 
pansion coefficient is smaller than that of a rotor hub 18 
to be detailed later. To be specific, the constituent may be 



JlS-grade SUS 303 steel (thermal expansion coefficient: 

- 6 

17.3 x 10 /°C), SUS 304 steel (thermal expansion coeffi- 
cient: 16.3 x 10 6 /°C), SUS 420J2 steel (thermal expan- 

_ g 

sion coefficient: 10.4 x 10 /°C), or a synthetic resin 
polymer. The cylindrical sleeve 12, through the center 
portion of which a bearing bore pierces axially, is fixed by 
means such as an adhesive to the cylindrical inner surface 
of the bearing housing 10. The sleeve 12 is molded from 
a porous, oil-impregnated sintered compact, the sub- 
stance of which is not particularly limited; a cast and sin- 
tered object is used, with various metal powders, metal- 
compound powders, and non-metal powders being the 
source material. For example, the sleeve contains as the 
source material such metal compounds as Fe-Cu, Cu-Sn, 
Cu-Sn-Pb, or Fe-C, and has a thermal expansion coeffi- 

- 6 

cient of 12.9 x 10 /°C. It should be noted that the bear- 
ing housing 10 and sleeve 12 as described should be of a 
constituent material whose thermal expansion coefficient 
is smaller than that of the later-described rotor hub 18; 
thus the components are formable from, for example, 
copper or a copper alloy. The rotor 6, which is the rotary 
component of the spindle motor in this embodiment, is 
composed of a shaft 16 opposing the cylindrical surface 



of the sleeve 12 across a radial gap, and the rotor hub 18, 
which is roughly cup-shaped ad formed integrally with the 
shaft 16. Thus forming integrally the shaft 16 and the ro- 
tor hub 18 serves to prevent incidents caused, in a rotor 
having a snugged-fit section, as described previously with 
reference to Fig. 6, by insufficient clamping strength be- 
tween its shaft 116 and rotor hub 114— incidents includ- 
ing degradation in such aspects of assembly precision as 
the angularity of the shaft 102 with respect to the rotor 
hub 114, and the shaft 102 falling out of the rotor hub 
114. Another advantage is that thanks to the solidified 
strength achievable in how the shaft 16 and the rotor hub 
18 are joined, a miniaturized, flattened motor may be re- 
alized. 

[0034] The rotor hub 18 is configured to include: a top-wall por- 
tion 18a that axially opposes the top-edge surfaces of the 
bearing housing 10 and the sleeve 12; a cylindrical wall 
portion 18b that axially depends from the outer perimeter 
of the top-wall portion 18a; and, at the lower side of the 
cylindrical wall portion 18b, a flange portion 18c extend- 
ing radially outward from the cylindrical exterior surface 
of the cylindrical wall portion 18b. Hard disks (shown in 
the Fig. 5 diagram with reference mark 46) abut against, 



as well as ride on, the cylindrical outer surface of the 
cylindrical wall portion 18b as well as the flange portion 
18c. Furthermore, an annular yoke 21— onto the inner pe- 
riphery of which a rotor magnet 20 is fixed by an adhesive 
or like means, and which is wrought from a ferromag- 
netic-ingredient stainless steel— is adhesively fastened to 
the cylindrical inner surface of the cylindrical wall portion 
18b. A rotor hub 18 having this configuration can be 
wrought from a constituent whose thermal expansion co- 
efficient is larger than that of the sleeve 12. A specific ex- 
ample is forming the rotor hub 18 from an aluminum such 
as JlS-grade A6061 (thermal expansion coefficient: 23.6 x 
10 6 /°C) or an aluminum alloy. 
[0035] The spindle motor configuration further includes a thrust 
plate 22, being a circular component, fixed to the axially 
lower end of the shaft 16. The top and bottom sides of 
the thrust plate 22 respectively oppose across an axial 
gap the bottom-edge surface of the sleeve 12, and the 
top marginal surface of the counterplate 14, while the cir- 
cumferential surface of the thrust plate 22 opposes across 
a radial gap the cylindrical inner surface of the bearing 
housing 10. Here, while the substance of the thrust plate 
22 may be selected appropriately according to the me- 



chanical strength and dimensional stability that are re- 
quired, since the thrust plate 22 is fixed to the end of the 
shaft 16 and rotates unitarily with the shaft 16, the thrust 
plate substance advisably has a thermal expansion coeffi- 
cient on par with that of the shaft 16. 
[0036] | n a spindle motor configuration as described above, the 
gap between the underside of the top-wall portion 18a of 
the rotor hub 18, and the top-edge surfaces of the bear- 
ing housing 10 and the sleeve 12, the gap between the 
cylindrical inner surface of the sleeve 12 and the cylindri- 
cal outer surface of the shaft 16, and the gaps between 
the bottom-edge surface of the sleeve 12 and the top 
marginal surface of the counterplate 14, and the top and 
bottom sides of the thrust plate 22, are continuous. With 
oil thus being retained without interruption in the succes- 
sively joined gaps in this configuration, a full-fill structure 
is formed. 

[0037] The upper portion of the bearing housing 10 is sloped 
along the outer circumferential surface, constricting in 
outer diameter heading axially downward (toward the 
bracket 2) from its top-edge surface. In a locus diametri- 
cally opposing the sloped surface of the bearing housing 
10, a circumventive projection 18d depending from the 



top-wall portion 18a of the rotor hub 18 is formed. The 
clearance dimension defined by the diametrical gap be- 
tween the outer circumferential surface of the bearing 
housing 10 upper portion, and the circumventive projec- 
tion 18d from the top-wall portion 18a grows gradually 
larger parting away from the top-wall portion 18a, head- 
ing axially downward. In effect, the outer circumferential 
surface of the bearing housing 10 upper portion and the 
circumventive projection 18d from the top-wall portion 
18a interact to constitute a capillary seal 34. Thus, only in 
this taper seal 34 does the oil retained in the bearing-sec- 
tion gaps described above meet the air— in an interface 
where the surface tension of the oil and atmospheric 
pressure balance, forming the oil-air interface into a 
meniscus. 

[0038] Forming the capillary seal 34 diametrically outside both 

the sleeve 12 and the bearing housing 10 allows sufficient 
axial extent and volumetric capacity to be secured for the 
capillary seal 34, without compromising the bearing stiff- 
ness of upper and lower radial bearing sections 24 and 
26, to be described later, formed in the micro-gap in be- 
tween the cylindrical inner surface of the sleeve 12 and 
the cylindrical outer surface of the shaft 16. The configu- 



ration thus makes it possible to prevent outflux of oil to 
the motor exterior, and contributes to the provision of a 
fluid-dynamic-pressure bearing excelling in dependability 
and durability, and a spindle motor furnished with the 
fluid-dynamic-pressure bearing. 

[0039] Next, an explanation of the bearing structure will be made 
using Figs. 2 and 3. 

[0040] As illustrated in Fig. 2, an upper radial bearing section 24 
and a lower radial bearing section 26, separated at an ax- 
ial span, are provided in the radial gap between the cylin- 
drical inner surface of the sleeve 12 and the cylindrical 
outer surface of the shaft 16. The upper radial bearing 
section 24 and lower radial bearing section 26 are config- 
ured by the cylindrical inner surface of the sleeve 12, the 
cylindrical outer surface of the shaft 16, and oil retained 
in the gap where the two components oppose each other 
radially. 

[0041] As represented in Fig. 3B, in the locus where the upper 
radial bearing section 24 along the cylindrical inner sur- 
face of the sleeve 12 is configured, oil is induced from ei- 
ther axis-wise edge toward the approximate midportion 
of the upper radial bearing section 24. Herringbone 
grooves 12a having an imbalanced geometry axis-wise 



(Rl > R2) are formed in this upper radial-bearing locus 
along the sleeve 12 inner surface. Thus, when the rotor 6 
rotates, a mobilizing pressure by which the oil heads axi- 
ally downward (toward the lower radial bearing section 26) 
develops. In particular, although oil is induced toward the 
midportion of the upper radial bearing section 24, be- 
cause the herringbone grooves 12a form an axially imbal- 
anced geometry, the pressure becomes maximum where 
the oil is slightly below the middle of the upper radial 
bearing section 24, supporting the rotor 6; and to the ex- 
tent that the grooves 12a are imbalanced, the oil is urged 
to flow axially downward. 
[0042] Likewise, in the locus where the lower radial bearing sec- 
tion 26 along the cylindrical inner surface of the sleeve 12 
is configured, oil is induced from either axis-wise edge 
toward the approximate midportion of the lower radial 
bearing section 26. Herringbone grooves 12b having an 
essentially balanced geometry axis-wise (R3 = R4) are 
formed in this lower radial-bearing locus along the sleeve 
12 inner surface. When the rotor 6 rotates, a pressure 
heading from either axis-wise edge toward the approxi- 
mate midportion of the lower radial bearing section 26 is 
induced in the oil. In particular, although oil is induced 



toward the midportion of the lower radial bearing section 
26, because the herringbone grooves 12b form an axially 
balanced geometry, the pressure becomes maximum 
where the oil is approximately in the middle of the lower 
radial bearing section 26, supporting the rotor 10. 

[0043] The description now turns to the thrust bearings. The 

top-edge surface of the bearing housing 10 and the un- 
derside of the top-wall portion 18a of the rotor hub 18 
oppose each other via an axial micro-gap, and an upper 
thrust bearing section 28 is provided in the micro-gap. 
The upper thrust bearing section 28 is configured by the 
top-edge surface of the bearing housing 10, the under- 
side of the top-wall portion 18a of the rotor hub 18, and 
oil retained in the gap where the two components oppose 
each other axially. 

[0044] Then, as represented in Fig. 3A, spiral grooves 10a are 

formed in the top-edge surface of the bearing housing 10 
so that the oil is induced radially inward (toward the upper 
portion of the shaft 16 cylindrical outer surface) during 
motor rotation. When the rotor 6 spins, dynamic pressure 
heading radially inward is developed in the upper thrust 
bearing section 28 by the spiral grooves 10a. This radially 
inward-moving dynamic pressure puts lift on the rotor 6 



and heightens the internal pressure of oil inward of the 
thrust bearing section 28. The oil pressure thus being al- 
ways kept high with respect to the external air prevents 
the turning into bubbles of air that has dissolved into the 
oil. 

[0045] Likewise, a lower thrust bearing section 30 is formed in 
the axial gap between the bottom-edge surface of the 
sleeve 12 and the top marginal surface of the thrust plate 
22. The lower thrust bearing section 30 is configured by 
the bottom-edge surface of the sleeve 12, the top 
marginal surface of the thrust plate 22, and oil retained in 
the gap where these two components oppose each other 
axially. In turn, spiral grooves 12c are formed in the bot- 
tom-edge surface of the sleeve 12 so that the oil is in- 
duced radially inward (toward the bottom portion of the 
shaft 16 cylindrical outer surface) during motor rotation. 
When the rotor 6 spins, dynamic pressure heading radially 
inward is developed in the lower thrust bearing section 30 
by the spiral grooves 12c. 

[0046] Accordingly, the upward-lifting action on the rotor 6 by 
the upper thrust bearing section 28 and the downward- 
thrusting action on the thrust plate 22 by the lower thrust 
bearing section 30 pressure the rotor 6 up and down. And 



in the location where these dynamic-pressure forces bal- 
ance, the position where rotational lift situates the rotor 6 
is stabilized. The upper and lower thrust bearing sections 
28 and 30 are designed so that the axial bearing forces 
generated in these bearing sections 28 and 30 operate in- 
teractively from mutually opposing directions, thereby to 
stably support the rotation of the rotor hub 18. 
[0047] | t should be understood that while in this case spiral 

grooves are formed in both the upper and lower thrust 
bearing sections 28 and 30, the design of the bearing 
sections is not so limited, in that is also possible for the 
grooves in one or the other, or both, of the upper and 
lower thrust bearing sections 28 and 30 to have a her- 
ringbone configuration. In such an alternative design, if 
herringbone grooves are formed in the upper thrust bear- 
ing section 28, it is advantageous that the grooves have 
an imbalanced herringbone configuration through which 
the oil is directed radially inward by the dynamic pressure 
that the grooves produce. This is because the radially in- 
ward-directed oil dynamic pressure heightens the internal 
pressure of the oil as a whole radially inward of the imbal- 
anced herringbone grooves to prevent the pressure from 
going negative, which thereby prevents air bubbles from 



arising in the oil. 
[0048] when the sleeve 12 made of the sintered material is 

press-molded, the herringbone grooves 12a and 12b pro- 
vided in the upper and lower thrust bearing section 24 
and 26, and the spiral grooves 12c provided in the lower 
thrust bearing section 30 can be wrought in a like man- 
ner. In this way an inexpensive sleeve 12 can be fash- 
ioned. 

[0049] | n the present embodiment, the conventional thrust bear- 
ing formed in between the underside of the thrust plate 
and the top marginal surface of the counterplate has been 
eliminated. And a concurrent feature is the thrust bearing 
section novel ly formed in between the top-edge surface of 
the bearing housing 10 and the underside of the top-wall 
portion 18a of the rotor hub 18. This means that the axial 
thickness of the thrust plate 22 may be just that dimen- 
sion sufficient to produce the requisite bearing stiffness 
for forming the lower thrust bearing section 30. Accord- 
ingly, the axial dimension of the thrust plate 22 can be 
made thinner by comparison to what has conventionally 
been the case. In addition, the axial dimension of the 
counterplate 14 upper face can also be made thinner. The 
spindle motor can thereby be miniaturized and flattened. 



[0050] | n conventional implementations in which the shaft and 

sleeve have not undergone any surface treatment whatso- 
ever, if the shaft and sleeve come into contact, one or the 
other, or both, of the components will become worn, 
which ends up seriously compromising the endurance of 
the shaft and sleeve. In order to prevent such detriment to 
the durability of the shaft and sleeve, and in order to en- 
sure sufficient mechanical strength to support the rotor, 
conventionally a hardening treatment such as nitriding 
has been carried out on the bearing-surface-constituting 
shaft cylindrical outer surface and sleeve cylindrical inner 
surface. 

[0051] | n the present embodiment, however, a porous sintered 
material into which oil has been impregnated is utilized 
for the sleeve. Utilizing a sleeve of a sintered substance 
means that during motor rotation, oil oozes out onto the 
bearing-surface-constituting cylindrical inner surface of 
the sleeve, constantly creating a consistent oil film in be- 
tween the rotating shaft cylindrical outer surface, and the 
sleeve cylindrical inner surface. This makes it possible to 
achieve superior sliding performance between the shaft 
and sleeve. A consequent benefit is that stabilized rota- 
tional performance can be achieved without having to 



conduct a hardening treatment such as nitriding on the 
cylindrical surface of the shaft. Not carrying out a harden- 
ing treatment on the shaft cylindrical outer surface en- 
ables the fluid-dynamic-pressure bearing to be manufac- 
tured at low cost, and an inexpensive motor to be manu- 
factured. 

[0052] | t should be noted that the arithmetic mean roughness 
(roughness average Ra) of the shaft cylindrical surface is 
0.1 nm or more and 1.6 nm or less, and preferably is from 
0.3 nm to 0.8 nm. This surface smoothness enables all 
the better sliding performance to be gained from the 
shaft, further enabling stabilized rotational performance 
to be achieved. 

[0053] As depicted in Figs. 2 and 3, axial grooves that penetrate 
the axis-wise ends of the sleeve 12 are formed in the 
outer periphery of the sleeve 12 by a pressing or cutting 
operation so as to have a roughly oblong or semicircular 
contour in cross section. When the sleeve 12 is attached 
to the cylindrical inner surface of the bearing housing 10, 
between themselves and the cylindrical inner surface of 
the bearing housing 10 the axial grooves form communi- 
cating pathways 32 that penetrate through the axially up- 
per end to the axially lower end of the sleeve 12. The in- 



terior of the communicating pathways 32 is filled with oil, 
wherein the internal pressure of the oil in the passages 
equalizes with the internal pressure of the oil retained in 
the bearing sections. 
[0054] | n bearing implementations without such oil communicat- 
ing pathways 32, due to the influence of manufacturing 
discrepancies in the components, the oil pressure along 
the periphery of the thrust plate 22 at times goes 
low— becoming so-called negative pressure— by compari- 
son to atmospheric pressure. In particular, within the mi- 
cro-gap formed between the cylindrical inner surface of 
the sleeve 12 and the cylindrical outer surface of the shaft 
16, if the width dimension of the micro-gap along the ax- 
ially upper end of these components has been formed 
broader than the width dimension along the lower end, 
then there would be a concern lest the dynamic pressure 
generated in the lower radial bearing 26 end exceed the 
dynamic pressure generated in the upper radial bearing 
24, producing an oil flow that from the axially lower side 
of the bearing heads toward the upper side, and making 
the internal pressure of the oil retained in the gap be- 
tween the outer periphery of the thrust plate 22 and/or 
the underside of the thrust plate 22, and the top marginal 



surface of the counterplate 14 go negative. 

[0055] By the same token, if due to manufacturing discrepancies 
as just noted, within the micro-gap formed between the 
cylindrical inner surface of the sleeve 12 and the cylindri- 
cal outer surface of the shaft 16, if the width dimension of 
the micro-gap along the axially upper end of these com- 
ponents has been formed narrower than the width dimen- 
sion along the lower end, for example, then there would 
be a concern lest the dynamic pressure that the herring- 
bone grooves 12a provided in the upper radial bearing 
section 24 generate go over a predetermined set pressure, 
producing negative pressure in the gap between the bot- 
tom marginal surface of the thrust plate 22 and the top 
marginal surface of the counterplate 14. 

[0056] Nevertheless, despite such discrepancies, by providing the 
communicating pathways 32 in the bearing, the oil pres- 
sure along the outer periphery of the thrust plate 22 is 
forcibly drawn toward the same level as the pressure 
along the inner periphery of the thrust bearing section 28. 
When the motor spins, the oil pressure along the inner 
periphery of the thrust bearing section 28 becomes con- 
stantly higher than atmospheric pressure to the extent of 
the dynamic pressure generated by this section of the 



bearing's spiral grooves, represented in Fig. 3A. Accord- 
ingly, even should the oil pressure along the outer periph- 
ery of the thrust plate 22 lower due to manufacturing dis- 
crepancies or external disturbances, the likelihood of the 
pressure going under atmospheric pressure is almost nil. 
Negative pressure in the oil along the outer periphery of 
the thrust plate 22 is thereby prevented. 

[0057] |f d ue t0 t he abovementioned manufacturing discrepan- 
cies oil streams from the upper to the lower axial end of 
the bearing, there would be a further concern lest the in- 
ternal pressure of the oil in the gap between the bottom 
side of the thrust plate 22 and the top side of the coun- 
terplate 14 rise higher than necessary and produce exces- 
sive over-lift on the rotor 6. 

[0058] jo counter this, by providing the communicating path- 
ways 32, even should a difference arise between the oil 
internal pressure along the upper axial end and the oil in- 
ternal pressure along the lower axial end of the micro-gap 
formed in between the cylindrical inner surface of the 
sleeve 12 and the cylindrical outer surface of the shaft 16, 
because a flux of oil through the communicating path- 
ways 32 from the internal-pressure high end to the low 
end will occur, the internal pressure of the oil retained in 



the bearing sections will balance. This balancing of the oil 
internal pressure prevents incidents of negative pressure 
in, as well as over-lift due to overly high pressure from, 
the fluid-dynamic-pressure bearing. 
[0059] Rendering the dynamic-pressure-generating grooves pro- 
vided in the upper radial bearing section 24 asymmetrical 
herringbone grooves 12a to induce in the oil dynamic 
pressure that pressures the oil toward the axial lower end 
of the bearing further prevents incidents of negative pres- 
sure by keeping the pressure in the region in between the 
upper radial bearing section 24 and the lower radial bear- 
ing section 26 at positive pressure above the atmospheric 
level. Furthermore, owing to the pressuring force that the 
herringbone grooves 12a produce, the oil is constantly 
pressurized so as to stream— wherein a concatenated oil 
recirculation path is formed— from the lower radial bear- 
ing section 26 and from in between the bottom marginal 
surface of the sleeve 12 and the top marginal surface of 
the counterplate 14, via the communicating pathways 32 
and also the interval between the top marginal surface of 
the sleeve 12 and the underside of the top-wall portion 
18a of the rotor hub 18, toward the axially upper end of 
the cylindrical outer surface of the shaft 16 and the cylin- 



drical inner surface of the sleeve 12, and flow back into 
upper radial bearing section 24. 
[0060] Thus being pressured to flow through the recirculation 
path, the oil within the bearing is always coursing in a 
constant direction, which serves to balance the pressure, 
and this therefore prevents air bubbles from arising and 
over-lift on the rotor 6 from occurring. What is more, 
since the range of tolerance for manufacturing discrepan- 
cies is markedly expanded, production yields are im- 
proved. 

[0061] a further feature of the oil recirculation path is that dis- 
posing the communicating pathways 32 so that one end 
where they open is to the radially inward side of the upper 
thrust bearing section 28 makes it so that within the re- 
gion where the pressure is higher than the atmospheric 
level the oil pressure is kept constant. 

[0062] Because this enables sufficient bearing stiffness to be 

achieved when predetermined dynamic pressure is being 
generated in the bearing sections during steady motor ro- 
tation, the likelihood of contact and slipping arising in the 
bearing sections is low. 

[0063] Another advantage is that forming the shaft 16 and the 

rotor hub 18 from a constituent whose thermal expansion 



coefficient is higher than that of the bearing housing 10 
and the sleeve 12 means that under a high-temperature 
environment, because of the relationship between their 
thermal expansion coefficients the amount by which the 
shaft 16 and rotor hub 18 expand thermally exceeds the 
amount by which the bearing housing 10 and the sleeve 
12 expand thermally. Owing to this designed difference in 
thermal expansion coefficient in the bearing sections, un- 
der a high-temperature environment the dimension of the 
gap between the bearing housing 10 and the sleeve 12 
where they oppose the shaft 16 and the rotor hub 18 
grows smaller, enabling loss in bearing stiffness to be 
prevented even with the viscosity of the oil decreasing as 
the oil expands thermally at higher temperature. This 
means that a predetermined bearing stiffness can be se- 
cured without increasing the motor's power consumption. 
[0064] Additionally in terms of motor operation under a high- 
temperature environment, at the same time the viscosity 
of the oil decreases the volume increases. That portion by 
which the oil has volumetrically increased consequently 
flows into the capillary seal 34, and not being able to se- 
cure sufficient capacity in the capillary seal 34 would ulti- 
mately lead to the oil leaking out to the motor exterior. In 



a bearing involving the present invention, however, the 
capillary seal 34 is formed along the circumferential pe- 
riphery of the bearing housing 10, in an orientation open- 
ing downward axis-wise. This configuration, compared 
with that of a conventional bearing as in Fig. 6, enables a 
seal area of more sufficient capacity to be secured. More- 
over, since the thermal expansion coefficient of the cir- 
cumventive projection 18d formed integrally with the ro- 
tor hub 18 is larger than the thermal expansion coefficient 
of the bearing housing 10 situated radially inward of the 
circumventive projection 18d, under a high-temperature 
environment the radial extent of the gap where the capil- 
lary seal 34 forms grows larger. This allows the capacity 
for the capillary seal 34 to retain oil to be increased, 
which enables the portion by which the oil has volumetri- 
cally increased to be sufficiently taken up within the capil- 
lary seal 34. 

[0065] a method of manufacturing the rotor will next be de- 
scribed. At first a round platelike blank, wrought by cut- 
ting from a barstock of aluminum or like metal, is worked 
into the form of the shaft 16 and rotor hub 18 by, for ex- 
ample, a pressing, forging, or other suitable operation. 
Next the yoke 21, having adhesively fastened to its cylin- 



drical inner surface the rotor magnet 20, is fixed to the 
cylindrical inner surface of the cylindrical wall portion 18b 
of the rotor hub 18 by press-fitting and/or by means of 
an adhesive. Then in the central potion of the shaft 16 a 
through-hole is bored, and threads are cut into a section 
of the hole, by a tapping operation. Finally, the cylindrical 
outer surface of the shaft 16 and the undersurface of the 
top-wall portion 18a of the rotor hub 18— surfaces in 
which the grooves for the dynamic-pressure bearing will 
be formed— and the disk-carrying face of the flange por- 
tion 18c of the rotor hub 18 cylindrical wall portion 18b 
undergo a milling operation that finishes these surfaces to 
a high degree of precision. 
[0066] | n manufacturing this component of spindle motors, while 
fashioning the rotor 6 by forging aluminum stock allows 
the rotor hub to be manufactured inexpensively, the 
downside is that the radial and axial dimensions of the 
rotor hub 18 are made thinner, compromising the rigidity 
of the rotor hub 18. Since press-fitting the rotor magnet 
20 against, to anchor it to, the cylindrical wall portion 18b 
as described earlier can lead to the rotor magnet becom- 
ing chipped, the fastening between the rotor magnet and 
the cylindrical wall portion is generally accomplished by 



adhesive fixation using an adhesive agent. In that regard, 
even in an implementation in which the rotor hub is fash- 
ioned from a comparatively high-strength martensitic or 
austenitic stainless steel, for example, and the rotor mag- 
net is adhesively fastened to the cylindrical inner surface 
of the cylindrical wall portion of the rotor, stresses due to 
hardening and contracting of the adhesive, caused by the 
adhesive agent being spread non-uniformly along the wall 
circumference, act non-uniformly on the flange portion of 
the rotor, which is adjacent to where the rotor magnet is 
fixed. The impact of the non-uniformly acting stresses 
ends up deforming the flange, and deformation of the 
flange means loss of parallelism of the hard disks carried 
by the flange, which makes RRO worse. Worsening in RRO 
can ultimately lead to the occurrence of so-called head 
crashes, in which the recording face of the hard disks and 
the magnetic heads arranged in close proximity to the 
disks come into contact. 
[0067] jo address such problems, a yoke 21 made from stainless 
steel is readied, and the rotor magnet 20 is adhesively 
fixed to the cylindrical inner surface of the yoke. After 
that, the yoke 21 is press-fit against, to adhere it to, the 
cylindrical inner surface of the cylindrical wall portion 18b 



of the rotor 6, and then the flange portion 18c of the rotor 
6 is finished by means of a milling operation. As a result, 
stresses arising in non-uniform hardening and contract- 
ing of the adhesive are absorbed by the yoke 21, whereby 
negative impact on the cylindrical wall portion 18b can be 
averted. An additional advantage to anchoring a yoke 21 
to the cylindrical inner surface of the cylindrical wall por- 
tion 18b of the rotor hub 18 is that it enables the rigidity 
of the radially thin-dimensioned cylindrical wall portion 
18b of the rotor hub to be enhanced. This makes it possi- 
ble to prevent sagging and deformation of the cylindrical 
wall portion 18b due to excessive centrifugal or other 
force being applied to the cylindrical wall portion 18b 
during rotation of the motor. What is more, the fact that 
the workability of the shaft 16 and rotor hub 18 is high 
because they are fashioned from aluminum or a like 
metal— which means that they can readily be high- 
precision processed— enables processing costs to be re- 
duced. 

[0068] it w i|| be appreciated that after carrying out the procedure 
just described for manufacturing the rotor 6, a hardening 
treatment, such as a plating or a nitriding process, can 
also be carried out on, for example, the cylindrical outer 



surface of the shaft 16 and the undersurface of the top- 
wall portion 18a of the rotor hub 18. 

[0069] with reference to Figs. 2, 3 and 4, an explanation of a 
method of assembling a motor according to the present 
invention will next be made. 

[0070] initially an adhesive agent is applied into an adhesive 

groove 10b formed circumferentially along the cylindrical 
inner surface of the bearing housing 10. Then the sleeve 
12 is inserted upward through the axially lower side of, to 
fix it into, the bearing housing 10. During this operation, 
the adhesive is grazed by the sleeve 12, but the fact that 
the adhesive is accommodated within the adhesive groove 
10b means that even should, for example, the position 
where the adhesive is applied and the amount applied be 
non-uniform, the adhesive can be prevented from creep- 
ing axially upward. 

[0071] a further advantage to providing the adhesive groove 10b 
is that it makes for firmed clinching strength between the 
bearing housing 10 and the sleeve 12, which contributes 
to achieving greater strength against external impact and 
shock. Accordingly, the bearing housing 10 and sleeve 12 
can be anchored firmly even in a miniaturized, flattened 
motor. 



[0072] it w j|| De appreciated that the adhesive agent may be ap- 
plied to the cylindrical outer surface of the sleeve 12, or it 
may be applied to both the cylindrical outer surface of the 
sleeve 12 and to the cylindrical inner surface of the bear- 
ing housing 10. Likewise, the adhesive groove 10b may be 
formed in duplicates in a number of places on the cylin- 
drical inner surface of the bearing housing 10. In another 
alternative configuration, adhesive grooves may be 
formed as axially extending vertical striations in the cylin- 
drical inner surface of the sleeve 12. 

[0073] N ex t the thrust plate 22 is snuggedly inserted and fixed 
by means of an adhesive into the through-hole provided 
in the central portion of the shaft 16. Then the counter- 
plate 14 is snuggedly inserted into the bearing housing 
10 to close off the bottom portion of the bearing housing 
10. It is to be noted that once the counterplate 14 has 
been installed, its underside 14a, as indicated in the Fig. 4 
view, is disposed flush with the bottom marginal surface 
10c of the bearing housing 10. 

[0074] Next the rotor hub is held in a (not-illustrated) jig, and 
with it retaining the rotor hub the jig is rotated at low- 
speed constant velocity. Then, with the jig rotating, from a 
laser device having an irradiation window 50 axially above 



the abutment 40 between the bearing housing 10 and the 
outer perimetric surface of the counterplate 14, as a di- 
rectable energy beam a laser beam is directed onto the 
abutment 40 to weld the abutment 40 along its circum- 
ference. By comparison to other welding methods— for 
example, arc welding and resistance welding— this laser 
welding technique enables high clinching strength to be 
achieved with little applied energy. In addition, because 
vacuum equipment is rendered unnecessary with laser 
welding, handling is facilitated, and secure welds within 
narrow confines are made possible through the excellent 
directivity of the beam. 

[0075] | n this way irradiating the counterplate 14 with a laser to 
weld-anchor it to the bearing housing 10 makes achieving 
high inter-component clinching strength compared to ad- 
hesives or like fixing means possible, enabling more solid 
anchoring. Because the axial dimension of the counter- 
plate 14 can therefore be designed thi nner. the overall 
thickness of the spindle motor can be made that much 
more smaller-scale/lower-profile. 

[0076] a further advantage to utilizing laser welding is that sta- 
bilized clinching strength can be obtained even with the 
bearing housing 10 and the counterplate 14 being formed 



from component materials that differ in thermal expan- 
sion coefficient. Likewise, directing the laser beam onto 
the abutment 40 to weld it circumferentially contributes to 
preventing the oil from scattering from the abutment 40. 

[0077] An additional aspect of the motor assembly is a recessed 
portion lOd of the bearing housing 10, formed along the 
lower portion of the cylindrical inner surface of the bear- 
ing housing 10, sunken radially outward from the cylin- 
drical inner surface along the lower portion. The recessed 
portion lOd radially opposes the thrust plate 22. Warpage 
produced during the laser welding operation is absorbed 
by the recessed portion lOd, thereby preventing the cylin- 
drical inner surface in the lower marginal portion of the 
bearing housing 10 from, on account of the laser welding 
operation, deforming under the welding heat and coming 
into abutment with the outer periphery of the thrust plate 
22. The resulting benefit is that efficiency in the manufac- 
turing step of joining the bearing housing 10 and the 
counterplate 14 is improved. 

[0078] it should be noted that because concomitant with welding 
is the application of high-temperature energy, argon gas, 
which is a cooling fluid, is supplied to the welded region 
as a means of cooling it during the welding operation. The 



cooling fluid is a substance whose reactivity with the 
metal surfaces of the counterplate 14, etc. is low, and de- 
sirably is in gaseous form. High-cooling-efficiency gases 
such as helium or nitrogen can be employed as the cool- 
ing fluid. It should also be noted that although in the laser 
welding operation described above the rotor hub 18 is ro- 
tated, alternatively the weld may be made by rotating the 
irradiation window 50 circumferentially along the abut- 
ment 40. 

[0079] Next, via the capillary seal 34, oil is charged into the se- 
ries of micro-gaps that constitute the bearing sections. 
Then the bracket 2 into which the stator 8 has been an- 
chored is fixed to the bearing housing 10. 

[0080] Referring to Fig. 5, an explanation of the internal configu- 
ration of a general hard-disk drive 60 will next be made. 

[0081] The hard-disk drive 60 comprises an oblong housing 42, 
and a clean space where dust and debris are extremely 
slight is formed inside the housing 42, in the interior of 
which is installed a spindle motor 44 on which platter- 
shaped hard disks 46 for recording information are fitted. 

[0082] | n addition, a head-shifting mechanism 54 that reads in- 
formation from and writes information onto the hard disks 
46 is disposed within the housing 42. The head-shifting 



mechanism 54 is constituted by: magnetic heads 52 that 
read/write information on the hard disks 46; arms 70 that 
support the magnetic heads 52; and an actuator 48 that 
shifts the magnetic heads 52 and arms 70 over the requi- 
site locations on the hard disks 46. 
[0083] Application of the spindle motor diagrammatically repre- 
sented in Figs. 1 through 4 as the spindle motor 44 for 
the hard-disk drive 60 just described, insofar as satisfac- 
tory functionality is ensured, contributes to the realization 
of a miniaturized, flattened disk drive, and allows high- 
dependability, high-endurance hard-disk drives to be 
made available. 

[0084] Although in the foregoing explanation has been made of 
single embodiments of a spindle motor, a method of 
manufacturing a rotor for application in the spindle mo- 
tor, and a hard-disk drive furnished with the spindle mo- 
tor, the present invention is not limited to the given em- 
bodiments; various alterations and modifications are pos- 
sible without departing from the scope of the invention. 

[0085] For example, not being limited to the construction of dy- 
namic pressure bearing of the illustrated embodiments, 
the geometry, and the number and location, of the 
grooves, and further, the type of lubricating fluid may dif- 



fer from those of the embodiments set forth above. In ad- 
dition, the bracket for the spindle motor and the housing 
for the hard-disk drive may be formed unitarily. 



